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(57) Abstract 



A programming circuit for an anti-fuse utilizes a boot circuit that charges a capacitor to the supply voltage during a non-programming 
period. Anti-fuse is to be programmed, the plate of the capacitor to which the supply voltage has been applied is switched to 0 volt, thereby 
causing the other plate of the capacitor to output a negative voltage. This negative voltage is switched to one plate of an anti-fuse, and 
the other plate of the anti-fuse receives a positive voltage from an external source. A voltage is thereby applied across the anti-fuse that is 
greater than any voltage applied to any node of the integrated circuit. 
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1 

Description 

METHOD AND APPARATUS FOR PROGRAMMING ANTI-FUSES USING 
INTERNALLY GENERATED PROGRAMMING VOLTAGE 

5 

Technical Field 

The present invention relates to programming anti-fuses in 
semiconductor circuits, and more particularly to a method and apparatus for 
programming anti-fuses with a sufficiently high voltage to provide a consistently 
io low resistance of the programmed anti-fuse without overstressing other 
components of the integrated circuit. 

Background of the Invention 

Anti-fuses are a common component in conventional integrated 

is circuits. An anti-fuse is a circuit element that is normally open circuited until it 
is programmed at which point the anti-fuse assumes a relatively low resistance. 
Anti-fuses are commonly used to selectively enable certain features of integrated 
circuits and to perform repairs of integrated circuits. Repairs of integrated 
circuits are typically accomplished by "blowing" anti-fuses to signal defective 

o portions of the integrated circuit that they should be replaced with redundant 
circuits. For example, a defective row of memory cells in the array of a dynamic 
random access memory can be replaced with a redundant row of cells provided 
for that purpose. 

Conventional anti-fuses are similar in construction to capacitors in 
5 that they include a pair of conductive plates separated from each other by a 
dielectric or insulator. Anti-fuses are typically characterized by the nature of the 
dielectric which may be, for example, oxide or nitride. Anti-fuses are 
programmed or "blown" by applying a differential voltage between the plates 
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that is sufficient to break down the dielectric thereby causing the plates to contact 
each other. Typically this relatively high programming voltage is applied to the 
chip externally through terminals that are normally used for other purposes. For 
example, in a DRAM, a high voltage may be applied to one of the data bit 

5 terminals after the integrated circuit has been placed in a programming mode by, 
for example, applying a predetermined combination of bits to other terminals of 
the integrated circuit. 

Although conventional anti-fuses as described above have worked 
well in many applications, they nevertheless have several shortcomings, 

10 particularly when used in more recent, high density integrated circuits. In 
particular, the programmed resistance of anti-fuses varies over a considerable 
range, and the programmed resistance is often far higher than is desired. For 
example, sometimes the programmed resistance is high enough that circuitry 
connected to the anti-fiise mistakenly determines that the anti-fuse is open 

15 circuited. It is generally known that programming anti-fuses with a higher 
voltage will both lower the programmed resistance and provide a more uniform 
resistance. However, the magnitude of the programming voltage that can be 
applied to anti-fuses is severely limited by the presence of other circuitry in the 
integrated circuit. In particular, since the terminals on which the programming 

20 voltage is applied are typically used for other functions, excessive programming 
voltages can easily break down the gate oxide layers of MOSFET's connected to 
such terminal thereby making such transistors defective. The problem of 
programming voltages breaking down the gate oxide layer of MOSFET's is 
exacerbated by the wide range of operating voltages of typical integrated circuits. 

25 For example, recent integrated circuits are capable of operating with a supply 
voltage of 3.3 volts in order to minimize power consumption, but they must still 
be able to operate with a commonly used supply voltage of 5 volts. 
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Excessive programming voltages can also exceed the breakdown 
voltage of bipolar transistors that are connected to the input terminals of 
integrated circuits to provide electrostatic discharge ("ESD") protection for the 
remaining components of the integrated circuit. While this problem can be 

5 alleviated to some extent by increasing the breakdown voltage of the bipolar ESD 
protection transistors, doing so reduces the safety margin of the ESD protection. 
While the problem of breaking down gate oxide layers of MOSFET's and 
exceeding the breakdown voltage of bipolar ESD protection transistors could be 
alleviated to some extent by using dedicated terminals to program anti-fuses, the 

io problem would nevertheless remain because it would be difficult to isolate the 
programming voltage from the integrated circuit substrate. If the programming 
voltage was coupled to the integrated circuit substrate, excessive voltages could 
still be coupled across the gate oxide layers of MOSFET's, even though the 
programming voltage was not applied directly to the gates of the transistors. 

15 A conventional circuit 10 for programming and reading the state of 

an anti-fuse is illustrated in Figure 1. As shown in Figure 1, an anti-fuse 12 is in 
the form of an NMOS transistor 12 having its gate connected to the circuit 
ground CGRN input and its source and drain connected to each other. However, 
other varieties of anti-fuses, such as parallel plates separated by a dielectric, may 

20 also be programmed and read using the circuit shown in Figure 1. The circuit 10 
also receives an active low programming input PRG* and an active low address 
match input AM* which are applied to the inputs of a NOR gate 14. The output 
of the NOR gate 14 is applied to the gate of an NMOS transistor 16 which is 
connected between ground and the anti-fuse 12 through an NMOS transistor 18. 

25 The gate of the NMOS transistor 18 is biased to the supply voltage so that the 
NMOS transistor 18 is conductive whenever the NMOS transistor 16 is 
conductive. However, during normal operation PRG* and/or AM* are high thus 
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turning off the NMOS transistor 16 to effectively isolate the anti-fuse from 
ground. 

In normal operation, the circuit ground CGRN input is connected to 
ground. The status of the anti-fuse 12 is read by inputting a high fuse read ,f FR M 
5 input to an NMOS transistor 30. The drain of the NMOS transistor 30 is 
connected to the drain of a PMOS transistor 32 which is biased on so that it 
essentially acts as a resistor connected between the supply voltage and the drain 
of the NMOS transistor 30. Thus, when the fuse read FR input goes high, the 
NMOS transistor 30 applies the supply voltage to the anti-fuse 12 through the 

io PMOS transistor 32. The PMOS transistor 32 and the anti-fase 12 thus 
essentially form a voltage divider having an output at the drain of the PMOS 
transistor 32 which is connected to the input of an inverter 40. 

The channel length to width ratio of the PMOS transistor 32 is 
selected so that, when the anti-fuse 12 is blown, a low logic level will be applied 

15 to the input of the inverter 40. Conversely, when the anti-fuse 12 is not blown, a 
high logic level will be applied to the input of the inverter 40. The FOUT output 
of the inverter 40 thus provides an indication of the state of the anti-fuse 12 when 
a high fuse read FR input is applied to the circuit 10. 

When the anti-fuse 12 is to be programmed, the program PRG* and 

20 address match AM* inputs both go low thereby causing the NOR gate 14 to 
output a logic high. This logic high turns on the NMOS transistor 16 thereby 
grounding through NMOS transistor 18 the plate of the anti-fuse 12 formed by 
the source and drain of the NMOS transist - A positive voltage is then applied 
to the circuit ground CGRN input thereby acing a voltage across the anti-fuse 

25 12 equal to the value of the programming voltage applied to the circuit ground 
CGRN input. 

It will be understood that the prior art circuitry shown in Figure 1 is 
integrated into additional circuitry that interfaces with the anti-fuse 12. 
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However, this additional circuitry has been omitted for purposes of brevity and 
clarity. 

The principal disadvantage of the prior art circuit 10 shown in 
Figure 1 is that the differential voltage across the anti-fuse 12 is limited to the 
5 value of the programming voltage applied to the circuit ground CGRN input. If 
the programming voltage is increased sufficiently to consistently program the 
anti-fuse 12 to a relatively low resistance, the programming voltage may very 
well break down the gate oxide layer of MOSFET's (not shown) in the integrated 
circuit or make exceed the breakdown voltage of bipolar electrostatic discharge 
10 protection ("ESD") transistors thereby causing transistors to limit the 
programming voltage to the snap back voltage of the ESD transistors. 

There is therefore a need for a method and apparatus for 
programming anti-fuses with a relatively high voltage in a manner that does not 
damage other components in an integrated circuit. 

15 

Summary of the Invention 

In accordance with the inventive method and apparatus for 
programming an anti-fuse formed in an integrated circuit, a positive voltage is 
applied to a first terminal of an anti-fiise, and a negative voltage is applied to a 

20 second terminal of the anti-fuse. As a result, the voltage applied across the first 
and second terminals of the anti-fuse is greater than either the positive voltage or 
the negative voltage. Either or both of the positive and negative voltages can be 
applied from either a source external to the integrated circuit or from a voltage 
generator internal to the integrated circuit. A positive or negative voltage can be 

25 generated internally by applying a first voltage, such as the integrated circuit 
supply voltage, to a first plate of a capacitor while a second plate of the capacitor 
is held at a second voltage, such as ground. After the capacitor has been charged, 
the first plate of the capacitor is switched to a third voltage, such as ground, and 
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the second plate of the capacitor is connected to the anti-fuse. The capacitor is 
preferably charged by a boot circuit including a first inverter having an input 
receiving a program control signal and an output connected to the first plate of 
the capacitor. The first inverter couples the first plate of the capacitor to the 

5 supply voltage when the program . control signal is not active and to ground 
potential when the program control signal is active. A first switching circuit is 
connected to the second plate of the capacitor. The first switching circuit couples 
the second plate of the capacitor to ground potential responsive to a first control 
signal which is generated by a second inverter. The second inverter has an input 

10 receiving the program control signal and an output applying the first control 
signal to the first switching circuit when the program control signal is not active. 
A second switching circuit has an input receiving the program control signal. 
The second switching circuit connects the second plate of the capacitor to the 
second terminal of the anti-fuse during at least part of the time that the program 

15 control signal is active. The boot circuit also preferably includes a clamping 
circuit connected between the second terminal of the anti-fuse and ground. The 
clamping circuit prevents the voltage on the second terminal of the anti-fuse from 
rising substantially above ground potential responsive to the first capacitor being 
charged through the anti-fiise. 

20 Although the inventive method and apparatus for programming 

integrated circuit anti-fuses can be used in any type of integrated circuit, it is 
advantageously used in dynamic random access memories which may be part of 
a computer system. Also, the inventive method and apparatus may be used to 
program all types of anti- fuses, including those formed by MOSFET's and those 

25 formed by conductive plates separated from each other by a dielectric or 
insulative material. 
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Brief Description of the Drawings 

Figure 1 is a schematic of a prior art circuit for programming and 
reading an anti-fiise. 

Figure 2 is block diagram of a preferred embodiment of a system 
5 for safely programming an anti-fuse with a relatively high voltage. 

Figure 3 is a schematic of the preferred embodiment of a circuit for 
implementing the inventive programming system of Figure 2. 

Figures 4A - 4H are timing diagrams showing waveforms present 
at various nodes in the circuit of Figure 3. 
10 Figure 5 is a block diagram of a computer system including a 

dynamic random access memory employing the inventive anti-fuse programming 
method and apparatus. 

Detailed Description of the Invention 

15 A block diagram of a preferred embodiment of the inventive 

programming system 50 is illustrated in Figure 2. Like the prior art circuit of 
Figure 1, the inventive programming circuit 50 receives and decodes an active 
low programming input PROG* and an active low address match input AM* 
using a NOR gate 52. The output of the NOR gate 52 triggers a boot circuit 54 

20 when the anti-fuse 12 is to be programmed, thereby outputting a negative voltage 
to one plate of the anti-fuse 12. The opposite plate of the anti-fiise 12 is 
connected to the circuit ground CGRN input of the circuit 50. Significantly, the 
boot circuit 54 generates the negative voltage internally in the integrated circuit. 
As a result, the voltage differential across the anti-fuse 12 can be larger than any 

25 of the voltages present in the integrated circuit. For example, an 8 volt 
differential can be placed across the plates of the anti-fuse 12 by applying a 5 
volt positive signal to the circuit ground input CGRN and the boot circuit 54 
applying a 3 volt negative signal to the other plate of the anti-fuse 12. 
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Significantly, the maximum voltage that would be applied to any other 
component on the integrated circuit would be 5 volts if the substrate is biased at 
ground, i.e., 3 volts less than the programming voltage applied to the anti-fuse. 
As a result, the inventive programming system 50 can consistently program the 
5 anti-fuse 12 to a relatively low resistance without endangering other circuitry in 
the integrated circuit. 

Although the preferred embodiment shown in Figure 2 uses a boot 
circuit 54 that is triggered by decoding programming and address match signals 
using a NOR gate, it will be apparent to one skilled in the art that other 

10 techniques may be used. For example, a gate other than a NOR gate 52 may be 
used, and it is not even necessary to use a gate of any type where it is not 
necessary to decode two or more input signals to indicate that the anti-fuse 12 is 
to be programmed. Further, although the boot circuit 54 generates a negative 
voltage, it will be understood that the boot circuit 54 may generate a positive 

is voltage if a negative voltage is applied to the circuit ground CGRN input. 
Further, voltages of opposite polarity may be generated externally and applied to 
the anti-fiise 12. 

A preferred embodiment of an anti-fuse programming circuit for 
implementing the system shown in Figure 2 is illustrated in Figure 3. The circuit 

20 in Figure 3 utilizes the NOR gate 52 of Figure 2 and the anti-fuse 12 of Figure 2, 
and these components are therefore designated in Figure 3 with the same 
reference numeral. When the anti-fuse 12 is not being programmed, the circuit 
ground CGND input is at a low potential such as 0 volts. Also, the active low 
programming input PROG* is high and there is no address match so that the 

25 active low address match input AM* is also high. Thus, the output of the NOR 
gate 52 is low thereby causing the output of each of two inverters 60, 62 to be 
high. The high at the output of the inverter 60 is applied to one plate of a 
capacitor 64. The high at the output of the other inverter 62 is applied to the gate 
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of an NMOS transistor 68 thereby turning on the NMOS transistors 68. The 
transistor 68 then grounds the other plate of the capacitor 64. Thus, when the 
anti-fuse 12 is not being programmed, the capacitor 64 is charged to the supply 
voltage. 

5 The low output of the NOR gate 52 is also applied to the gate of 

another NMOS transistor 70 thereby turning off the NMOS transistor 70. Thus, 
when the anti-fuse 12 is not being programmed, the NMOS transistor 70 isolates 
the capacitor 64 and NMOS transistor 68 from the anti-fuse 12. An NMOS 
transistor 74 is continuously turned on by the supply voltage being applied to its 
10 gate, thereby biasing the lower plate of the anti-fuse 12 to ground. The state of 
the anti-fuse 12 can therefore be read in any of several conventional means when 
the anti fuse is not being programmed. 

When the anti-fuse 12 is to be programmed, the programming input 
PROG* will go low and appropriate address signals will be applied to the 
15 integrated circuit to cause an address match, thereby causing the address match 
input AM* also to go low. The NOR gate 52 then outputs a high, causing the 
respective outputs of both inverters 60, 62 to go low. The low at the output of 
the inverter 60 causes the upper plate of the capacitor 64 to immediately go from 
the supply voltage to 0 volts. Since the voltage across the capacitor 64 cannot 
20 change instantaneously, the voltage on the other plate of the capacitor 64 goes 
from 0 to a negative voltage. In practice, the voltage on the lower plate of the 
capacitor 64 will not reach the negative of the supply voltage because it will be 
clamped by the substrate in most integrated circuit applications. However, the 
lower plate of the capacitor 64 will nevertheless reach a significant negative 
25 voltage. 

The low at the output of the inverter 62 turns off the NMOS 
transistor 68 and the high at the output of the NOR gate 52 turns on the NMOS 
transistor 70. Thus, the negative voltage on the capacitor 64 is applied to the 
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lower plate of the anti-fuse 12. At the same time, a positive voltage is applied to 
the circuit ground CGND input, thereby placing a programming voltage across 
the anti-fuse 12 equal to the difference between the positive programming 
voltage and the negative voltage on the capacitor 64. This relatively large 

5 voltage is sufficient to cause the anti-fuse 12 to be consistently programmed to a 
relatively low impedance. 

During the time that the anti-fuse 12 is being blown, the positive 
programming voltage from the CGND input is applied to the capacitor 64 
through the anti-fiise 12 and the transistor 70. The capacitor 64 will then be 

10 charged toward the positive voltage. However, when the voltage on the capacitor 
64 is charged to 0 volts, it is clamped there by the NMOS transistor 74 so that the 
voltage across the anti-fuse 12 will not decrease further. The inventive circuit 
thus maintains a programming voltage of at least the positive voltage applied to 
the circuit ground CGND input for an indefinite period not related to the 

15 charging time of the capacitor 64 while the anti-fuse is being programmed. 

After the anti-fuse 12 has been blown, the PROG* and AM* inputs 
go high, thereby once again charging the capacitor 64 and turning off the NMOS 
transistor 70 to isolate the capacitor 64 from the anti-fuse 12. 

The wave forms present at various nodes in the circuit of Figure 3 

20 are illustrated in the timing diagrams of Figures 4A-H. As shown in Figure 4A, 
the circuit ground input CGND goes high from 0 to 9 volts at time x 0 . At the 
same time, the program input PROG* and the address match AM* each go low, 
as illustrated in Figures 4B and C, respectively. The output of the NOR gate 52, 
Le. t node A, then goes high as illustrated in Figure 4D. This low to high 

25 transition causes the outputs of the inverters 60, 62, i.e., nodes B and D, 
respectively, to go low as illustrated in Figures 4F and E. The voltage at the 
lower plate of the capacitor 64, i.e., node C, then follows the output of the 
inverter 60, as illustrated in Figure 4G. The voltage on the lower plate of the 
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capacitor 64 falls from 0 volts to approximately -1.7 volts as illustrated in 
Figure 4G. Finally, as illustrated in Figure 4H, the positive going leading edge of 
CGND (Figure 4 A) is capacitively coupled through the anti-fuse 12 thereby 
causing the voltage on the lower plate of the anti-fuse 12, Le., node E, to initially 
5 rise. Thereafter, the voltage on the lower plate of the anti-fuse 12 is pulled down 
by node C to approximately -1.6 volts. It should also be mentioned that the 
NMOS transistor 74 is a long channel device to provide a sufficiently large 
resistance so that the transistor 74 does not significantly discharge the capacitor 
64. The voltages on the capacitor 64 (node C) and applied to the anti-fuse 12 

10 (node E) increase linearly as the capacitor 64 is charged through the now blown 
anti-fuse 12. However, the voltage applied to the lower plate of the anti-fuse 12 
never increases above 0 volts, as illustrated in Figure 4H. 

A computer system 80 using the inventive programming circuit 50 
is illustrated in Figure 5. The computer system 80 includes a microprocessor 82 

15 of conventional design connected to an input device, such as a keyboard 84, and 
an output device, such as a display 86. The microprocessor 82 is also connected 
through a bus system 88 to a dynamic random access memory ("DRAM") 90. As 
is conventional with the DRAM 90, it includes an array 92 of memory cells and a 
redundant row of memory cells 94 provided to replace a row of memory cells in 

20 the array 92 that is found to be defective. The redundant row 94 has an enable 
input connected to ground through the anti-fuse 12. The anti-fuse 12 is also 
connected to the output of the programming circuit 50. As explained above, the 
programming circuit 50 outputs a negative voltage to the anti-fuse 12 upon 
receipt of a program input PROG* when the microprocessor 82 outputs a 

25 predetermined address which is decoded by conventional circuitry (not shown) to 
generate an address match AM* signal. The program input PROG* is generated 
by a program generator 96 in a conventional manner when the anti-fuse 12 is to 
be programmed. Since the program generator 96 is of conventional design, a 
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detailed description has been omitted for purposes of clarity and brevity. It will 
be understood by those skilled in the art that the DRAM 90 includes a large 
amount of additional circuitry. However, this additional circuitry has been 
omitted for purposes of clarity and brevity. 
5 From the foregoing, it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as 
by the appended claims. 
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Claims 

1 . A method of programming an anti-fuse fabricated in an integrated 
circuit with first and second terminals, said method comprising: 

applying a positive voltage to the first terminal of said anti-fuse; and 
applying a negative voltage to the second terminal of said anti-fiise so 

that the voltage applied across the first and second terminals of said anti-fuse is greater 

than either said positive voltage or said negative voltage. 

2. The method of claim 1 wherein said positive voltage is applied to 
the first terminal of said anti-fuse from a source external to said integrated circuit. 

3. The method of claim 1 wherein said negative voltage is applied to 
the second terminal of said anti-fuse from a source internal to said integrated circuit 

4. The method of claim 1 wherein said positive voltage is applied to 
the first terminal of said anti-fuse from a source external to said integrated circuit, and 
said negative voltage is applied to the second terminal of said anti-fuse from a source 
internal to said integrated circuit 

5. The method of claim 1 wherein at least one of said positive and 
negative voltages is generated internal to said integrated circuit by applying a first 
voltage to a first plate of said capacitor while a second plate of said capacitor is held at 
a second voltage, switching the first plate of said capacitor to a third voltage, and 
connecting the second plate of said capacitor to said anti-fuse. 

6. The method of claim 5 wherein said first voltage is the supply 
voltage for said integrated circuit, said second and third voltages are ground potential. 
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7. The method of claim 5 further including the steps of allowing 
said capacitor to charge through said anti-fuse, and then clamping the voltage on the 
second plate of said capacitor at a predetermined voltage after said capacitor has 
charged to said predetermined voltage. 

8. The method of claim 1 wherein said anti-fuse is a MOSFET 
having its drain and its source connected to one of said first and second terminals and 
its gate connected to the other of said first and second terminals. 

9. The method of claim 1 wherein said anti-fuse is formed by first 
and second conductive plates connected to said first and second terminals, 
respectively, said plates being separated from each other by a non-conductive material. 

10. A programming circuit for programming an anti-fuse having first 
and second terminals, said programming circuit and said anti-fuse being fabricated in a 
common integrated circuit powered by a supply voltage, said programming circuit 
comprising: 

an externally accessible terminal connected to the first terminal of said 
anti-fuse, said externally accessible terminal adapted to receive a first programming 
voltage of a predetermined polarity; and 

a boot circuit connected to the second terminal of said anti-fuse, said 
boot circuit generating from supply voltage a second programming voltage having a 
polarity opposite the polarity of said first programming voltage responsive to a 
program input signal whereby a voltage corresponding to the difference between said 
first and second programming voltages is applied across the first and second terminals 
of said anti-fuse. 
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11. The programming circuit of claim 10 wherein said first 
programming voltage is of a positive polarity and said second programming voltage is 
of a negative polarity. 

12. The programming circuit of claim 10 wherein said boot circuit 

comprises: 

a capacitor having first and second plates; 

a first switching circuit coupling the first plate of said capacitor to said 
supply voltage when said anti-fuse is not being programmed and to a first voltage 
when said anti-fuse is being programmed; 

a second switching circuit coupling the second plate of said capacitor to 
a second voltage when said first switching circuit is coupling the first plate of said 
capacitor to said supply voltage; and 

a third switching circuit coupling the second plate of said capacitor to 
the second terminal of said anti-fuse circuit during at least part of the time that said 
first switching circuit is coupling the first plate of said capacitor to said first voltage. 

1 3 . The programming circuit of claim 1 0 wherein said supply voltage 
has a positive polarity and said first and second voltages are substantially zero volts so 
that the voltage on the second plate of said capacitor has a negative polarity when said 
first switching circuit is coupling the first plate of said capacitor to said first voltage. 

14. The programming circuit of claim 10 wherein said boot circuit 

comprises: 

a capacitor having first and second plates; 

a first inverter having an input receiving a program control signal and an 
output connected to the first plate of said capacitor, said first inverter coupling the first 
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plate of said capacitor to said supply voltage when said program control signal is not 
active and to ground potential when said program control signal is active; 

a first switching circuit connected to the second plate of said capacitor, 
said first switching circuit coupling the second plate of said capacitor to ground 
potential responsive to a first control signal; 

a second inverter having an input receiving said program control signal 
and an output connected to said first switching circuit, said second inverter applying 
said first control signal to said first switching circuit when said program control signal 
is not active; and 

a second switching circuit having an input receiving said program 
control signal, said second switching circuit connecting the second plate of said 
capacitor to the second terminal of said anti-fuse during at least part of the time that 
said program control signal is active, 

15. The programming circuit of claim 14 wherein said boot circuit 
further includes a clamping circuit connected between the second terminal of said anti- 
fuse and ground, said clamping circuit preventing the voltage on the second terminal 
of said anti-fuse from rising substantially above ground potential responsive to said 
first capacitor being charged through said anti-fuse. 

16. The programming circuit of claim 10 wherein said anti-fuse is a 
MOSFET having its drain and its source connected to one of said first and second 
terminals and its gate connected to the other of said first and second terminals. 

17. The programming circuit of claim 10 wherein said anti-fuse is 
formed by first and second conductive plates connected to said first and second 
terminals, respectively, said plates being separated from each other by a non- 
conductive material. 
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18. A dynamic random access memory fabricated on an integrated 
circuit powered by a supply voltage, comprising: 

an array of memory cells arranged in rows and columns; 
an anti-fuse having first and second terminals; 

a functional circuit coupled to said anti-fose, said functional circuit 
being enabled responsive to programming said anti-fuse; and 

a programming circuit for programming said anti-fiise, said 
programming circuit including an externally accessible terminal connected to the first 
terminal of said anti-fuse, said externally accessible terminal adapted to receive a first 
programming voltage of a predetermined polarity, said programming circuit further 
including a boot circuit connected to the second terminal of said anti-fiise, said boot 
circuit generating from supply voltage a second programming voltage having a 
polarity opposite the polarity of said first programming voltage responsive to a 
program input signal whereby a voltage corresponding to the difference between said 
first and second programming voltages is applied across the first and second terminals 
of said anti-fuse to enable said redundant memory cells. 

19. The dynamic random access memory of claim 18 wherein said 
first programming voltage is of a positive polarity and said second programming 
voltage is of a negative polarity. 

20. The dynamic random access memory of claim 18 wherein said 
boot circuit comprises: 

a capacitor having first and second plates; 

a first switching circuit coupling the first plate of said capacitor to said 
supply voltage when said anti-fuse is not being programmed and to a first voltage 
when said anti-fuse is being programmed; 
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a second switching circuit coupling the second plate of said capacitor to 
a second voltage when said first switching circuit is coupling the first plate of said 
capacitor to said supply voltage; and 

a third switching circuit coupling the second plate of said capacitor to 
the second terminal of said anti-fuse circuit during at least part of the time that said 
first switching circuit is coupling the first plate of said capacitor to said first voltage. 

21. The dynamic random access memory of claim 20 wherein said 
supply voltage has a positive polarity and said first and second voltages are 
substantially zero volts so that the voltage on the second plate of said capacitor has a 
negative polarity when said first switching circuit is coupling the first plate of said 
capacitor to said first voltage. 

22. The dynamic random access memory of claim 18 wherein said 
boot circuit comprises: 

a capacitor having first and second plates; 

a first inverter having an input receiving a program control signal and an 
output connected to the first plate of said capacitor, said first inverter coupling the first 
plate of said capacitor to said supply voltage when said program control signal is not 
active and to ground potential when said program control signal is active; 

a first switching circuit connected to the second plate of said capacitor, 
said first switching circuit coupling the second plate of said capacitor to ground 
potential responsive to a first control signal; 

a second inverter having an input receiving said program control signal 
and an output connected to said first switching circuit, said second inverter applying 
said first control signal to said first switching circuit when said program control signal 
is not active; and 
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a second switching circuit having an input receiving said program 
control signal, said second switching circuit connecting the second plate of said 
capacitor to the second terminal of said anti-fuse during at least part of the time that 
said program control signal is active. 

23. The dynamic random access memory of claim 22 wherein said 
boot circuit further includes a clamping circuit connected between the second terminal 
of said anti-fuse and ground, said clamping circuit preventing the voltage on the 
second terminal of said anti-fuse from rising substantially above ground potential 
responsive to said first capacitor being charged through said anti-fuse. 

24. A computer system, comprising: 
a processor; 

an input device; 

an output device; and 

a dynamic random access memory ("DRAM") fabricated on an 
integrated circuit powered by a supply voltage, said DRAM including an array of 
memory cells arranged in rows and columns, an anti-fuse having first and second 
terminals, a functional circuit coupled to said anti-fuse, said functional circuit being 
enabled responsive to programming said anti-fuse, and a programming circuit for 
programming said anti-fuse, said programming circuit including an externally 
accessible terminal connected to the first terminal of said anti-fuse, said externally 
accessible terminal adapted to receive a first programming voltage of a predetermined 
polarity, said programming circuit further including a boot circuit connected to the 
second terminal of said anti-fuse, said boot circuit generating from supply voltage a 
second programming voltage having a polarity opposite the polarity of said first 
programming voltage responsive to a program input signal whereby a voltage 
corresponding to the difference between said first and second programming voltages is 
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applied across the first and second terminals of said anti-fuse to enable said functional 
circuit. 

25. The computer system of claim 24 wherein said input device is a 

keyboard. 

26. The computer system of claim 24 wherein said output device is a 

display. 

27. The computer system of claim 24 wherein said functional circuit 
includes a plurality of redundant memory cells that are activated to replace memory 
cells in said array when said anti-fuse is programmed. 

28. The computer system of claim 24 wherein said first programming 
voltage is of a positive polarity and said second programming voltage is of a negative 
polarity. 

29. The computer system of claim 24 wherein said boot circuit 

comprises: 

a capacitor having first and second plates; 

a first switching circuit coupling the first plate of said capacitor to said 
supply voltage when said anti-fiise is not being programmed and to a first voltage 
when said anti-fuse is being programmed; 

a second switching circuit coupling the second plate of said capacitor to 
a second voltage when said first switching circuit is coupling the first plate of said 
capacitor to said supply voltage; and 
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a third switching circuit coupling the second plate of said capacitor to 
the second terminal of said anti-fuse circuit during at least part of the time that said 
first switching circuit is coupling the first plate of said capacitor to said first voltage. 

30. The computer system of claim 29 wherein said supply voltage has 
a positive polarity and said first and second voltages are substantially zero volts so that 
the voltage on the second plate of said capacitor has a negative polarity when said first 
switching circuit is coupling the first plate of said capacitor to said first voltage. 

31. The computer system of claim 24 wherein said boot circuit 

comprises: 

a capacitor having first and second plates; 

a first inverter having an input receiving a program control signal and an 
output connected to the first plate of said capacitor, said first inverter coupling the first 
plate of said capacitor to said supply voltage when said program control signal is not 
active and to ground potential when said program control signal is active; 

a first switching circuit connected to the second plate of said capacitor, 
said first switching circuit coupling the second plate of said capacitor to ground 
potential responsive to a first control signal; 

a second inverter having an input receiving said program control signal 
and an output connected to said first switching circuit, said second inverter applying 
said first control signal to said first switching circuit when said program control signal 
is not active; and 

a second switching circuit having an input receiving said program 
control signal, said second switching circuit connecting the second plate of said 
capacitor to the second terminal of said anti-fuse during at least part of the time that 
said program control signal is active. 
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32. The computer system of claim 31 wherein said boot circuit 
further includes a clamping circuit connected between the second terminal of said anti- 
fuse and ground, said clamping circuit preventing the voltage on the second terminal 
of said anti-fuse from rising substantially above ground potential responsive to said 
first capacitor being charged through said anti-fuse. 
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